This review focuses on fluorosis and iodine deficiency disorders, two serious, highly prevalent metabolic disorders that are under-reported. These are caused by the two elements of the halogen family, fluorine and iodine. The former in excess and the latter in deficiency are the cause for concern. Excess fluoride (F -) consumption through untreated groundwater was the main reason for fluorosis and defluoridation of water was the focus to provide safe water with F -< 1.0 mg/l. On the other hand, iodine deficiency in diet was due to agricultural crops grown in iodine-deficient soil, and iodization of cooking salt was identified as the way forward to attain iodine sufficiency (i.e. 15 ppm in iodized salt). The two diseases are addressed through structured national programmes, but the implementation unfortunately is in a compartmentalized manner. The major issue is that both F -excess and iodine deficiency caused goitre. Besides, other disorders identical in clinical manifestations, also occur. This review discusses the issues to address the diseases with better understanding that has emerged from the scientific information available for correct diagnosis and management of patients in an integrated manner.
SAFE drinking water and food security are basic human rights. Malnutrition (both under-and over-nutrition) and non-absorption of nutrients are challenges that the nation is facing. India is an endemic nation for fluorosis and iodine deficiency disorders (IDD). The former is prevalent in 20 out of 35 states, and in Union Territories 1 , and the latter in the whole nation 2 . The understanding of fluorosis is based on groundwater contamination of fluoride (F -) arising from geological crust and community consuming untreated, unsafe groundwater drawn through hand pumps, tube wells and open wells. However, communities consuming safe water (F -<1.0 mg/l), have also been reported to suffer from fluorosis, the source of fluoride being traced to consumption of rock salt black/pink/white in colour, with calcium fluoride (CaF 2 ) to the extent of 157.0 ppm F -(ref.
3). The aroma and tangy taste of rock salt has made it very acceptable in culinary practices. Therefore F -entry to the body can be through food and beverages besides water. As opposed to fluorosis, IDD is spread across the nation and therefore salt iodization was introduced as part of National Goitre Control Programme in the country in 1962. A significant increase in the coverage of adequately iodized salt from 49% to 78% at the household level has been observed in the country over the past 25 years. The country's goal was to achieve the universal salt iodization (USI) target of >90% household coverage. Efforts were made to accelerate, achieve and importantly, sustain the programme towards optimal iodine nutrition status and to eliminate IDD from India 2 . According to prevailing norms, if the salt has >15 ppm of iodine, it is classified as adequately iodized; if iodine <5 ppm, it is uniodized salt. Iodine is required for production of thyroid hormones, i.e. tetraiodothyronine (T 4 ) and tri-iodothyronine (T 3 ). The biological status of iodine is assessed by testing iodine in the urine of patients and is the indicator for iodized salt intake 2 . IDDs originate from consumption of food/ vegetables with little iodine, which is attributed to depletion of iodine in soil. In the past, iodine deficiency was thought to cause only goitre and cretinism. However, over the last quarter of a century, it has become increasingly evident that iodine deficiency leads to a much wider spectrum of disorders commencing from intrauterine life and extends through childhood into adult life with serious health and social problems [4] [5] [6] . The spectrum of diseases besides goitre and cretinism (short stature) includes, hypothyroidism, brain damage, mental retardation (low IQ), psychomotor defects and hearing and speech impairment. Abortion and still birth among pregnant women are also reported due to iodine deficiency. The consequences of IDD are not overtly visible during early stages. Detection in late stages is possible as it is overtly visible, but is too late for reversal to normalcy. Early detection, therefore, is of importance to address the disease.
The first objective of this review is to highlight that excess fluoride consumption may also lead to goitre, a disorder of the thyroid gland. Fluoride destroys the structure and function of the thyroid gland leading to inadequate production of thyroid hormones. Based on current understanding, the cause of goitre is considered to be iodine deficiency. Emergence of fluoride causes not only goitre but nine other disorders, which are identical in clinical manifestations to IDD. The ten disorders caused 40, 41 Low IQ (13.5 points less than iodine sufficient children) Brain damage 40, 41 Brain damage Deaf -mutism (deaf and dumb)* Deaf -mutism (deaf and dumb) Thyroid hormone abnormalities 13, 14 Thyroid hormone abnormalities Knock-knee, bow leg 1, 40 Knock-knee, bow leg Intellectual disability 40, 41 Intellectual disability Psychomotor defects* Psychomotor defects Abortions, still births, pre-term deliveries in Abortions, still births, pre-term deliveries pregnant women 43, 45 in pregnant women *Prevalent in endemic areas of fluorosis and IDD.
by excess fluoride and iodine deficiency are tabulated in Table 1 .
The second objective of the present review is to highlight the implications of diseases caused by excess fluoride and iodine deficiency and the synergy of these two elements in a biological system. There are nine studies from India [7] [8] [9] [10] [11] [12] [13] [14] [15] and another eight studies from other nations [16] [17] [18] [19] [20] [21] [22] [23] reported on goitre prevalence in populations with iodine sufficiency, goitre in fluoride endemic areas and goitre in industrial workers exposed to fluorine fumes and dust. These studies have been described in the section dealing with human studies. Fluoride excess is the reason for persistence of goitre even in case of iodine sufficiency. This review therefore evaluates several issues that need to be addressed, with a focus on diseases surfacing in the context of fluorine and iodine, two environmental factors related to human health.
Activities to control fluorosis commenced in India during 1987, under the technology mission on safe drinking water. Fluorosis, as a health component, was then addressed by tagging to a water supply programme with focus on removal of F -from untreated groundwater in rural India 24, 25 . Dental and skeletal fluorosis were the two widely known disorders due to F -excess consumption. The prevailing concept then was that supply of safe water (F -<1.0 mg/l) for consumption would eliminate fluorosis from the afflicted population. On the contrary, the disease is widespread in the country over the years, as treatment technologies for water defluoridation failed miserably for technical reasons and the community continued to consume F -contaminated water. Information on consumption of food containing fluoride did not surface then. The understanding of fluorosis continued to be based on earlier observations that emerged during the technology mission era. Activities related to iodine deficiency commenced in 1962 with iodization of edible salt, as iodine deficiency was known to cause high prevalence of goitre and cretinism. Subsequently the term IDD was coined to include goitre and other disorders caused due to iodine deficiency. One thing in common in these two national programmes was that there were partner organizations involved in the activities, i.e. the Ministry of Drinking Water and Rural Development in the former and the Salt Commissioner in the latter. Over the years, when the gravity of the problem of fluorosis and IDD was assessed and when it was evident that a nationwide problem with wider ramifications would take many years to set right the health status of children and community, the projects were transformed into national programmes under the Ministry of Health and Family Welfare. The partner organizations continued to be associated with the programmes with the main goal to control fluorosis and IDD. The ensuing paragraphs deal with a brief overview of the two national programmes.
National programme on prevention and control of fluorosis
The national programme on prevention and control of fluorosis (NPPCF) approved under the Eleventh Five Year Plan period in 2005, commenced its activities in the field since 2008-09. The water quality test reports of untreated groundwater drawn for consumption through hand pumps, tube wells, open wells, lakes, streams and rivers were provided by the Ministry of Drinking Water and Sanitation (the name of the Ministry changed during the course of time). There were certain key issues for programme implementation that require a special mention. Water and health being state subjects, the water supply agency(ies) (also known as public health engineering departments/water authority(ies)/water and sewerage boards) in the states undertook the water quality testing and funds were provided by the Government of India 25 . The test results were reported by all state departments online using integrated management information system (IMIS) and uploaded in the website of the Ministry (www.ddws.gov.in) at certain specified intervals, so that it was viewed by concerned organizations and those involved in programme execution. It is necessary to point out a few limitations in the system. It was observed that, the water supply agency tested groundwater sources for a number of chemical parameters besides fluoride. Testing was done in randomly selected sources (certain percentage of existing sources), whether private or government owned, but not in all the existing water sources. Generalizations on water quality status for a whole village or block or district based on a small percentage of test results are considered inappropriate. Fluoride in groundwater sources may be safe or fluoride-contaminated. The colour, odour or taste of water cannot help identify safe sources. Testing is necessary. It was evident by then, from results reported from projects completed that, safe water sources exist in the villages in India 26 . Testing for fluoride is to be done with sensitive equipment in the laboratory, with the Bureau of Indian Standards (BIS) limit for F -in drinking water being 1 mg/l (or less the better) and as F -is injurious to health 27 . The water supply agency is expected to screen all water sources for F -in a village initially by screening the samples in the field itself using a test kit. Those water samples indicating the result 1.5 mg/l are to be transported and re-tested in the laboratory using ion meter with F -sensitive electrode. The test kit method has limitations to measure F -beyond 1.5 mg/l. Unfortunately, the results obtained during screening, using the kit method are uploaded. This was easily detectable while viewing the data, as the results reported would be in the lower range, i.e. between 0.01 and 1.5 ppm. The higher F -content >1.5 mg/l invariably is not evident from the test results. Since the communities were not informed of the test results to locate the existing safe sources; they continued to be unaware of whether the source that they depended on was potable or not. In view of these limitations, and as the fluoride content in drinking water in Indian states so far detected ranged from 1.1 to 48.0 mg/l (ref. 28) , NPPCF made it mandatory to test 100% sources by an ion meter using F -sensitive electrode by the personnel appointed under NPPCF. The personnel were imparted appropriate training on use, operation and maintenance of the ion meter. The data thus generated would be valid for a period of 4-5 years. It may increase or decrease due to environmental factors. Therefore it is necessary to indicate: (i) date of testing; (ii) equipment used for testing (ion meter or kit) and, (iii) method followed for testing F -, whenever the data are tabulated and uploaded or when the results are reported in scientific publications. Fluorosis is widespread in the country as F -enters the body besides water through a variety of other sources 29, 30 which include cooked food, beverages, spices and chewing of substances (i.e. churans) with rock salt (CaF 2 ) with 157 ppm F -for its appealing taste 3 . This is besides prescription drugs containing F -for long term treatment of diseases such as otosclerosis, osteoporosis, use of antidepressants and fluoridated dental products. It therefore became necessary to test fluoride in body fluids to assess the F -level in the body. NPPCF therefore adhered to testing fluoride in water and urine. An individual afflicted with fluoride toxicity/fluorosis was then unlikely to be missed for the source of F -intake even if consuming safe water. This approach was necessary for embarking on an effective intervention strategy for individuals to recover from the disease(s) in a shorter span of time. The interventions practised were: (i) diet editing for removal of fluoride from all sources, so that the disease progression was stopped, and (ii) diet counselling practised simultaneously for promoting intake of all nutrients, viz. antioxidants, vitamins, minerals, micronutrients and essential nutrients through diet, rectified the damages caused and promoted better health. F -causing goitre and other disorders listed in Table 1 remain to be addressed by amending the protocol in testing laboratories.
National iodine deficiency disorders control programme
The national programme on IDD was renamed in 1992 to cover the whole spectrum of iodine deficiency disorders with adoption of salt iodization as the primary strategy to control IDD. The milestones of the National Iodine Deficiency Disorders Control Programme (NIDDCP) programme are briefly summarized in Box 1.
Over the years, NIDDCP has been a public health success story with 92% of Indian population consuming iodized salt and the population having achieved iodine nutrition sufficiency as measured by urinary iodine concentration. Even at the regional level, the coverage of adequately iodized salt is satisfactory, with urban areas in the country having already achieved the USI target of greater than 90% adequately iodized salt coverage.
The national goitre control activities and their key events from 1962 till 2017 emphasize on the fundamentals for identifying goitre through district surveys and the impact of iodized salt consumption. As the years passed by, the policy laid down has listed out goals, besides objectives, to achieve by the stipulated time frame. Various national agencies/ministries were involved in providing further impetus to the programme. In the year 2006, it was envisaged to reduce the prevalence of IDD to less than 10% in the nation by 2012. Though the activities have moved on for 5 more years, the target is yet to be achieved. But certainly IDD is a success story. As the nation is providing education for children in rural and urban population and skill development for women, leading to employability, the task to achieve 100% coverage of use of iodized salt in every kitchen in the country would be achieved with ease in the coming years.
However, there is a growing concern regarding continued presence of goitre in areas with high iodized salt (1) to conduct an initial baseline survey to identify the endemic and non-endemic districts based on goitre prevalence; (2) to produce and supply iodized salt to the identified endemic districts; (3) to conduct an impact assessment of the programme every five years to see the effectiveness of the programme.
• Central Health Council, Ministry of Health and Family Welfare, 1983: To iodize all salt meant for human consumption by 1992.
• World Summit for Children, 1990: The goal was to achieve virtual elimination of IDD by 2000. India was one of the signatory countries.
• Second SAARC conference on children in South Asia, 1992: Target to universalize iodization of salt by 1995.
• National Plan of Action, Department of Women and Child Development, 1992: Universal access to iodized salt by 1995 as a specific goal.
• National Iodine Deficiency Disorders Control Programme (NIDDCP), 1992: No goal, only 5 objectives: (1) surveys to assess the magnitude of IDD; (2) supply of iodized salt in place of common salt; (3) resurvey after every 5 years to assess the extent of IDD and the impact of iodized salt; (4) laboratory monitoring of iodized salt and urinary iodine excretion; (5) health education and publicity.
• Policy guidelines on NIDDCP, 1998: The goal was to reduce the prevalence of IDD below 10% in the endemic districts of the country by 2000.
• United Nations General Assembly Special Session (UNGASS) on children, 2002: USI by year 2005, India was one of the signatories.
• Tenth Five Year Plan, Planning Commission, GoI, 2002: The goals were to achieve universal access to iodized salt; generate district-wise data on iodized salt consumption; and to reduce the prevalence of iodine deficiency disorders in the country to <10% by 2010.
• Revised policy guidelines NIDDCP, 2006, IDD and Nutrition Cell, MOHFW, GoI: the goal is to reduce the prevalence of iodine deficiency disorders below 10% in the entire country by 2012.
coverage and with iodine sufficiency 7 . Fluoride toxicity due to consumption of fluoride containing water, food, beverages, etc. is a possible explanation for goitre and may have largely remained unknown as both programmes were executed in a compartmentalized manner. Excess fluoride also causes health problems, of similar nature to IDD. For better understanding of F -excess causing goitre, results obtained from animal and human studies from India and other nations are highlighted in the following sections.
Studies on animals fed F -in excess
This review therefore focuses on studies on different animal models fed with excess fluoride and human subjects ingesting high fluoride content. Adverse health effects were reported so that there is no room for ambiguities. The first report on F -action on thyroid gland, dating back to 1854, appeared in a French journal 31 . The study reported that feeding dogs with sodium fluoride (NaF) 20-120 mg/day for 4 months caused goitre. In 1979, a detailed study by Hillman et al. 32 from Michigan, USA, investigated cows severely affected with dental and skeletal fluorosis due to mineral supplementation, with very high urine fluoride levels (UFL). The cattle with fluorosis developed hypothyroidism, anaemia and eosinophilia. Free tetraiodothyronine (FT 4 ) and Free triiodothyronine (FT 3 ) decreased in serum with increased UFL. The red blood cells (RBCs) and haemoglobin (Hb) were also low in fluorotic cows. This is one of the earliest studies with a well-designed protocol to reveal that in fluorosis with enhanced UFL, thyroid hormone levels and the RBC count were reduced, resulting in reduced Hb and consequently resulting in anaemia. A study from Turkey 33 , confirmed that chronic fluorosis in cows reduced FT 4 , FT 3 and protein bound iodine (PBI), with an associated decrease in the rate of metabolism by 30-40% in cases of hypothyroidism.
A study on chicks 34 on the effects of fluoride on the ultrastructure of the thyroid gland revealed structural changes leading to dysfunction of the gland. It was also stated that the thyroid gland had a strong capacity for absorbing and accumulating fluoride. The study provided the evidence to suggest that F -absorbed by the gland caused widespread cellular derangements.
Yet another study on F -induced thyroid changes in female mice and their pups 35 was interesting for the fact that it showed that with withdrawal of F -, hypothyroidism in mice and their pups was reversed, thyroid gland weight decreased and thyroid stimulating hormone (TSH) level was partially restored. The information that emerged from the study showed the beneficial effects upon withdrawal of F -. This was the only report which addressed the reversal of changes in soft tissues by withdrawal of F -. There were studies in human subjects also which revealed that excess fluoride ingestion caused goitre, a typical 'IDD' disorder. 37, 38 . Whereas the earlier recommendation, based on the outdoor air temperature of geographic regions, involved a range of 0.7-1.2 mg F/l. The new recommendation for community water systems that currently fluoridate or plan to do so, is for a level of 0.7 mg F/l. The US SurgeonGeneral (Dr V. H. Murthy), endorsed the recommendation and urged that communities adopt it 39 . A British scientist had reported as early as 1941 (ref.
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17) that F
-played a role in developing endemic goitre in children when he was investigating children living in Punjab. Indian scientists had also reported the presence of systemic goitre in endemic fluorosis areas 5, 6 . It was suggested that F -in drinking water played a role in causing goitre. Increase in drinking water F -beyond 1 ppm and/or mineral supplementation, adversely affected the thyroid gland in terms of its enlargement, reduced the enzyme thyroid adenylate catalase activity and decreased FT 4 and FT 3 hormones 18 . A Chinese report suggested that in endemic F -area, decreased serum FT 4 and raised TSH were recorded although there was adequate intake of iodine. This also suggested that with adequate intake of iodine, F -induced adverse reactions in the thyroid gland 19 . Yet another Chinese report provided evidence that in children of 7-14 years, IQ was adversely affected when high F -and low iodine was consumed compared to normal F -and low iodine-consuming children 20 . It is also known that F -toxicity adversely affects the intelligence or IQ of children. It is evident from the references cited above that F -is a hormone disrupter, enzyme inhibitor and a neurotoxin as it reduces the IQ of children. Therefore in diagnosing fluorosis in children, IDD can be ruled out by testing urinary iodine 40, 41 . A report from Gujarat stated that an epidemiological study on the prevalence of goitre and dental fluorosis in endemic fluorosis districts revealed that the prevalence of goitre was associated with F -in drinking water 10 . A Russian study pointed out that amongst workers continuously exposed to F -, 51% had reduced FT 3 hormone. An analysis of immune status showed that T-lymphocyte count enhanced, but the cells were nonfunctional due to reduced FT 3 levels 21 . In yet another Russian report, amongst industrial workers exposed to F -and suffering from industrial fluorosis, aberration in the thyroid gland function was reported 22 . A South African study that focused on children aged 6-15 years revealed higher prevalence of goitre in two towns with high F -levels in water, though iodine intake was adequate 23 . An Indian study investigated 200 children aged 6-12 years in 4 areas and evaluated the effect of varying concentrations of F -(ranging from 2.4 to 13.5 mg/l in drinking water), on serum parathyroid hormones 11 . All the children had dental fluorosis and it was found that an increase in serum parathyroid hormone concentration was associated with greater severity of skeletal fluorosis. F -can stimulate parathyroid gland directly or indirectly and this led to secondary hyperparathyroidism 12 . In a study conducted in New Delhi during 2005 (ref. 13) , 90 children with dental fluorosis (DF) formed the sample group, and 21 children from endemic and nonendemic areas without dental fluorosis formed the control group and were investigated for thyroid hormone levels besides their drinking water, serum and urine F -levels. The study concluded that whether there was dental fluorosis or not, children living in high F -areas should be investigated for thyroid hormone derangements. The study concluded that children with and without DF had hormone derangements leading to (i) sub-clinical hypothyroidism; (ii) low T 3 syndrome, (iii) T 3 toxicosis, (iv) primary hypothyroidism and (v) disturbed hormonal conversion with inhibition of de-iodinase. The study was a revelation of vulnerability of children living in endemic areas of fluorosis to thyroid hormone changes leading to thyroid hormone associated diseases. Yet another study from India also revealed F --induced thyroid hormone disturbances similar to iodine deficiency status, in spite of adequate iodine intake 14 . In 2015, a study conducted in 400 pre-pubertal school children in the Southern state of Kerala and reported by the Government Medical College, Thiruvananthapuram, states goitre in children despite urinary iodine sufficiency 15 . School children were screened for goitre; urinary iodine excretion (UIE) was estimated on every 10th child and 30 salt samples were tested for optimum iodization. The results revealed a high incidence of goitre in 112 children (28%). Grade I goitre in 14.75% and Grade II goitre in 13.25% of children were recorded. Mean UIE was 115 μg/l and no sample with <100 μg/l indicated current iodine sufficiency. Among 30 salt samples tested, 26 (86%) were optimally iodized, 2 (7%) were suboptimally iodized and 2 (7%) were found to have no trace of iodine, even though all were labelled as iodized salt. The problem is viewed through a transition phase shift from iodine deficiency to iodine sufficiency or due to other confounders. Authors point out other causes of goitre, like consumption of other goitrogens and reduced response of iodine due to opposing action by excess fluoride, cobalt and deficiency of iron.
Dental fluorosis (DF) and its extended effects reported 41 , stated that F -toxicity affects the intelligence or IQ of children and causes short stature (cretinism), bowleg condition, knock-knee condition and mental retardation. Children with DF may also suffer from rickets (bow-leg, knock-knee and other bone deformities) for which treatment, when introduced, may or may not yield beneficial results, if high urine fluoride is detected. It is therefore necessary to check urine fluoride of such children and introduce diet editing to withdraw fluoride, so that they respond to treatment. The reason they do not respond to treatment is due to damage caused to the cells lining the intestinal mucosa specially loss of microvilli/brush border in F -toxicity 1 . It can be rectified upon F -withdrawal and the mucosa regenerates within a few days. It is only then children would respond to orally administered drugs. The references cited from India and other parts of the globe on F -action on thyroid gland of human subjects included investigations on adults as well as children. The results cited prove that F -causes enzyme inhibitions resulting in non-production of thyroid hormones, in spite of the fact that iodine intake was adequate.
Excess F -ingestion was the causal factor for health abnormalities suggestive of IDD reported in Table 1 . F -destroys the structure and function of the thyroid glands (production of tri-and tetra-iodothyronines), although iodine intake was adequate. Therefore, it was suggested that iodine deficiency was not necessarily the only cause for such health problems in children. The results suggest that the diagnosis and management of IDD and fluorosis should have an integrated approach than what is being practised in present times. The two disorders may not be viewed in a compartmentalized manner. It may lead to serious lapses in diagnosis and patient management.
IDD and fluorosis: implications on maternal, infant, child and adolescent health
This review would be incomplete if the activities and contributions focused on maternal, infant, child and adoloscent health aspects of the national programmes for IDD and fluorosis were not highlighted. The National Iodine and Salt Intake Survey (2014-15) (ref. 2) had reported that pregnant and lactating mothers were at increased risk of iodine deficiency which is a serious issue confronting the nation. It was estimated that iodine deficiency during the critical 'thousand days', i.e. from conception to the first 2 years of life leads to: (i) recurrent abortions, (ii) still birth, (iii) increased pre-term deliveries, and (iv) high infant mortality and irreversible brain damage in infants and children 4, 5 . Epidemiological studies focused on children born in severely iodine deficient areas have an intelligence quotient (IQ), 13.5 points less than those born in iodine sufficient areas 6 . It was stated by Sethi and Kapil 42 that in India, the current IDD survey guidelines of the national programme do not include pregnant women and the same need to be revised to include this important group.
Extensive studies both in iodine deficiency and fluoride excess continue to be supported by national and international grant agencies. Both programmes are reaching out to the community/afflicted victims in various states in the country. As pointed out by Sethi and Kapil 42 a few mid-course corrections in the programme implementation would be required.
In fluoride toxicity and fluorosis, it was proven that high maternal and infant mortality can also be due to consumption of fluoride salts through a variety of sources, which interfered with nutrient absorption, deranged thyroid hormone production and led to lack of stimuli for bone marrow to produce sufficient RBCs. Less RBCs resulted in less haemoglobin production resulting in anaemia. Commencing from 2010 till 2017, several publications appeared supporting the interventional approach [43] [44] [45] [46] for correcting anaemia in pregnancy. High percentage of pregnant women upon correction of anaemia, i.e. 83%, delivered normal birth weight babies (2.5 to 3.8 kg). Withdrawal of F -consumption resulting in low urine fluoride (<1.0 mg/l) followed by improvement in diet led to rise in Hb and correction of anaemia.
It is equally important to provide information on prevalence of anaemia in adolescent school children in India. Weekly iron and folic acid supplementation (WIFS) since 2012 and mid-day meal schemes are yet to yield appreciable results. With the confirmed success rate in addressing pregnant women, in reducing low birth weight babies (<2.5 kg) to 17% from the existing 41% in the country, based on elimination of consumption of fluoride salts, through food, drinking water, habit forming substances and use of fluoridated dental products, the protocol was adapted to suit school children, both for boys and girls. The studies conducted in 2240 school children in 6 schools in the age group of 10-17 years in New Delhi led to correction of anaemia (low haemoglobin) upon elimination of fluoride consumption (urine F -<1.0 mg/l) (Current Science, accepted for publication). Simultaneous improvement of nutrients in diet [47] [48] [49] by imparting skills and empowering mothers to prepare nutritious meals for their wards added adequate dividends in improving health of the children.
Children with bow-leg and knock-knee seen in IDD, can also be caused by calcium and vitamin D deficiency. Then it is referred to as Rickets. The treatment is by prescribing mega dose of calcium and vitamin D 38 . The kids may not respond to the treatment, when they are fluoride poisoned and intestinal lining is devoid of microvilli. Urinary F -and urinary iodine testing, therefore assumes paramount importance in patient management, as the child may be suffering from a variety of health problems due to excess fluoride, iodine deficiency and under-nutrition/malnutrition. Withdrawal of F -consumption, iodized salt promotion, nutritive diet with high calcium and vitamin D promotion corrects bone deformities and recovery occurs within a short span of time.
In conclusion, the review points out the necessity to revise the protocol for diagnosis of (1) IDD and (2) fluorosis, so that correct diagnosis of the diseases, and patient management can be improved upon. The protocol for IDD presently focuses on testing iodine in urine. It would be beneficial to incorporate testing of F -in urine as well. Similarly the protocol for fluorosis may incorporate testing of iodine in urine besides fluoride. In patient management, those who have iodine sufficiency but excess fluoride in urine, need to be counselled for (i) diet editing for fluoride removal and simultaneously counselled for (ii) promotion of nutrients through diet, to correct the derangements.
Similarly patients who have fluoride excess in urine and iodine deficiency in urine, need (i) diet editing for fluoride removal and (ii) diet counselling for promotion of nutrients besides promoting intake of iodized salt in preparations of food and beverages.
The protocol adapted by testing iodine and F -in urine suggests that, drinking water F -testing would be a value addition and health issues in IDD would be understood better on scientific grounds. Similarly the protocol to confirm fluorosis in children besides F -testing in body fluids needs to incorporate testing of iodine in urine. There shall be no ambiguity then in addressing the health problems arising due to fluoride in excess or iodine deficiency, and the disease surveillance system is strengthened in both community and hospital settings. Mid-course correction in implementation of national programmes, NPPCF and NIDDCP are called for, so that communities derive the best for better health.
